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ABSTRACT
Laboratory testing of two battery tray designs for the QinetiQ NA Talon robot: Talon Battery Box and the Improved Battery Adapter Tray (IBAT). State of Charge (SOC) Loss was measured for each design. 
SUBJECT TERMS
Executive Summary
There are currently two battery tray designs for powering the QinetiQ NA Talon robot using BB-2590 LiIon batteries. The products are the Battery Box design and the Improved Battery Adapter Tray (IBAT) design. The Battery Box is commonly referred to as the "Penn State" design.
Testing was performed to compare the inherent power loss of both designs when powered and turned on. This testing involved installing 6 fully charged batteries in each design and measuring the State of Charge (SOC) periodically until one battery became completely discharged. SOC is measured from 0 to 100 for each battery and represents the amount of energy stored in it: a fully charged battery has 100 SOC and a fully discharged battery has 0 SOC. In addition, a simultaneous measurement was made of the internal loss of 6 batteries. 
Introduction
Power consumption on small Unmanned Ground Vehicles is of paramount concern as mission lengths increase. To increase energy density, save money, and ease logistical concerns the Army has been moving from proprietary batteries to the standard BB-2590 batteries on small UGVs. A device called a battery tray is required to do this on the TALON robot, a product of QinetiQ North America.
Background
There are currently two different designs for TALON battery tray, the Battery Box and the Improved Battery Adapter Tray (IBAT). Both fit in the same package space within a Talon and provide electrical power to the robot.
The Battery Box was designed by the Applied Research Laboratory (ARL) at Pennsylvania State University through funding from the US Navy. It is commonly called the "Penn State" design. A photograph is provided in Figure 1 . The battery covers are not shown in this image. The IBAT was designed by ARTEC EOD at Picatinny Arsenal, New Jersey and is shown in Figure 2 . There are top covers that attach to the Velcro straps which are not show in this image. The purpose of this test was to measure and compare the amount of energy loss that each battery tray design has when powered on, but the robot it is connected to is powered off.
The amount of loss measured this way indicates how long the batteries can be left in a stowed position between missions without recharging or replacing the batteries.
Energy Loss
When a battery tray is powered on, it is using some energy to keep the internal electronics and external displays powered. Energy is being consumed even when the robot it is connected to is off and not consuming power. This consumed energy is the energy loss -commonly shortened to just "loss" -of the system and represents the slow but steady drip of power that is reducing the available energy in the batteries all the time.
All electrical systems have some loss, including cell phones and laptops. Sleep modes -such as when the hard drive or display is powered down when not in use -are ways that loss is commonly reduced in consumer electronics. Currently fielded robots have no sleep mode -they are either completely on or completely off.
State of Charge (SOC)
To measure and compare the loss, the concept of State of Charge (SOC) must be explained. SOC is a percentage of available energy left in a battery. When the battery is fully charged, it has 100 SOC. When the battery is completely discharged, it has 0 SOC.
Measurement of SOC
SOC cannot be measured directly. It can be calculated, however, and this can be done a number of different ways. Most methods for calculating SOC, such as "Coulomb counting" utilize a mathematical model of the battery and the measurement of voltage and current over time.
The BB-2590 battery itself keeps track of its SOC, which can be queried over the SMBus interface on the battery. The Penn State design reads and displays the SOC of each battery installed. This measurement and display was utilized for this testing.
Methodology
To measure the loss in a battery tray, 6 fully charged batteries were used for each tray design. The SOC of each battery was measured before the test, and then installed in the tray. Each tray was left powered on, but not connected to a robot. The SOC of every battery was measured periodically until one of the batteries reached zero SOC.
Test Configuration
All tests were performed indoors at 25⁰ C. Three preliminary tests were also conducted, and the results are provided in Note that these values are for the tray and are with respect to the total SOC of the tray, which can have a value between 0 and 600.
Each battery in the tray is going to lose roughly 1/6 of this value per hour of use, in addition to whatever the robot is consuming. If the values are then normalized on a "per battery" basis, the results are Penn State Battery Box 0.27 Individual Battery SOC loss per hour IBAT Battery Tray: 0.09 Individual Battery SOC loss per hour Appendix A. The results from the 3 preliminary tests were found to be consistent with the final test.
The testing consisted of three test configurations: 6 batteries in an IBAT, 6 batteries in a Penn State battery box, and 6 batteries unconnected to a tray. The purpose of the six "No Tray" batteries was to measure the internal loss of the batteries themselves.
Battery Numbers
The Penn State design clearly labels the battery numbers for reference, printed on the top of the product. The IBAT has no such label, so the same relative position was used for numbering the IBAT batteries, as shown in Figure 4 . The "No Tray" batteries were arbitrarily numbered. Table 1 provides the serial numbers of all components used during this test. 
Results
The testing was performed from April 11, 2011 at 8:28 until April 25, 2011 at 7:48. The SOC values of the six batteries in each test configuration were measured, then summed to give a single number that represents the complete SOC of all six batteries, called "Total Tray SOC." This number goes from a value of 600 for a completely charged pack of six batteries to a value of 0 when all six batteries are completed depleted.
The summarized results of the testing are shown in Table 2 , and the complete set of test data are provided in Appendix B. After the initial measurement, the SOC values were measured 11 more times during the complete 2 week test. These same results are provided graphically in Figure 5 , which shows clear trends for the Total Tray SOC loss.
Figure 5 -Comparison of Total Tray SOC Loss over Time
From the data, the battery tray loss over time appears to be linear. Calculation of the approximate SOC loss per hour of operation for the two designs was performed using the following formula:
The calculation of is defined as Using these two formulas yields the following results: Note that measurement of SOC for both products is consistent, since measurement for both devices was made by the Penn State product, but it is unknown how accurate these measurements are. It is likely the Penn State tray is getting its SOC information from the battery itself over the SMBus interface.
Test B
The second test was performed with both trays on a table and a jumper wire put between pins 7 and 8 on the Penn State tray. Both battery trays were left on. This test was performed indoors at 25⁰ C.
Test B was conducted by putting both battery trays on a table with no robot at all. This test was performed from April 4, 2011 through April 7, 2011. SOC data were collected every day, and are provided in Table 5 and Table 6 . These data are graphed in Figure 6 . 
Test C
The third test was conducted using only the Penn State battery tray. This test was performed indoors at 25⁰ C.
The Penn State battery tray was left on a table, but turned off. In addition, 6 batteries were measured that were not connected to a battery tray. This was intended to measure the loss from the batteries themselves, which also have some electronics in them.
The data from the unpowered Penn State tray and no battery tray testing are provided in Table 7 and   Table 8 . Based on these results it is very likely that the Penn State battery tray has no loss when powered off, as the small amount of loss that was measured is probably due to the loss in the batteries themselves.
